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Trophoblast invasion into uterine tissues represents a hallmark of ﬁrst trimester placental development.
As expression of serum amyloid A4 (SAA4) occurs in tumorigenic and invasive tissues we here investi-
gated whether SAA4 is present in trophoblast-like human AC1-M59/Jeg-3 cells and trophoblast prepa-
rations of human ﬁrst trimester and term placenta. SAA4 mRNA was expressed in non-stimulated and
cytokine-treated AC1-M59/Jeg-3 cells. In puriﬁed trophoblast cells SAA4 mRNA expression was upre-
gulated at weeks 10 and 12 of pregnancy. Western-blot and immunohistochemical staining of ﬁrst
trimester placental tissue revealed pronounced SAA4 expression in invasive trophoblast cells indicating a
potential role of SAA4 during invasion.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The serum amyloid A (SAA) family comprises lipoprotein-
associated proteins, encoded by different genes with a high allelic
variation [1,2]. In humans, the non-glycosylated SAA1/2 proteins,
highly induced during the acute-phase response [3], are considered
as important clinical markers of inﬂammation [4]. While human
SAA3 is a pseudogene, SAA4 codes for glycosylated SAA4 protein
that represents the predominant SAA isoform under physiological
conditions. Although the liver is themajor source for SAA4 assumed
to be constitutively expressed [5e7], some studies reported abun-
dant expression speciﬁcally in tumorigenic tissues [8e11].
Acute-phase SAA1/2 is expressed in human placenta, tropho-
blast cells and choriocarcinoma cell lines [12e14]. Therefore, the
present study aimed at identifying SAA4 in (i) human Jeg-3
choriocarcinoma and AC1-M59 cells (hybrid of term trophoblast
cells and AC-1 cells derived from Jeg-3), (ii) trophoblast cells of
human ﬁrst trimester and term placenta and (iii) outgrowing hu-
man ﬁrst trimester extravillous trophoblast (EVT) cells.x: þ43 316 380 9615.
lle).
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2.1. Cell culture experiments
Placental tissues were obtained from born placentas of healthy pregnancies and
from clinically normal human pregnancies, which were interrupted for psychosocial
reasons (approved by the Ethical Committee at the Medical University of Graz [23-
203 ex 10/11] and the Friedrich-Schiller-University Jena [1503-03/05]). Mono-
nucleated human ﬁrst trimester and term trophoblast cells were isolated as
described [15,16]. Outgrowing EVT cells were isolated from placental villi after ter-
minations of pregnancy (7e10 weeks, n ¼ 5) and were incubated in Petri dishes for
two days at 5% CO2 in DMEM/Ham's F12 with 10% (v/v) human serum. Then the villi
were transferred into collagen-coated 24-well plates (two explants/well) and
incubated at 2.5% O2, 5% CO2. After three days of culture the villi were removed from
the plates and the already outgrown cells were cultured for another day at 5% CO2.
Human hepatocellular carcinoma (HUH-7) cells, human Jeg-3 and human AC1-
M59 cells were cultured as described [12,17,18]. AC1-M59 and Jeg-3 cells were
seeded into cell culture dishes and upon reaching 80% conﬂuence, incubated for 24 h
in medium containing 10 ng/ml IL-1a, IL-1b, IL-6, or TNFa (R&D Systems, Minne-
apolis, MN, USA).
2.2. RNA isolation, RT-PCR and real-time RT-PCR (qPCR) analysis
RNA was isolated from (i) AC1-M59, Jeg-3, EVT, HUH-7 (using RNeasy Mini Kit
from QIAGEN, Hilden, Germany) and (ii) ﬁrst trimester (week 6e12) and term
trophoblast cells (week 35 and 40) using Trizol-reagent (SigmaeAldrich, Saint-Louis,
MO, USA), followed by DNase treatment, reverse transcription and PCR for SAA4 and
GAPDH (used as a housekeeping gene, see Supplementary Table I) as described [19].
The qPCR protocol was performed using LightCycler 480 system (Roche Diagnostics,
Vienna, Austria) [20]. Gene speciﬁc primers used for SAA4 and HPRT (used as ander the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
C. Rossmann et al. / Placenta 35 (2014) 661e664662housekeeping gene) are listed in the Supplementary Table II. Relative gene
expression levels compared to HPRT were calculated using DDCT method.
2.3. Western-blot analysis
Total cellular proteins were isolated [16] and 50 mg of protein (as assessed by the
BCA method) was subjected to Western-blot analysis as described [19]. Rabbit
polyclonal anti-human SAA4 antiserum (raised against amino acids 94-112 of hu-
man SAA4; dilution 1:300) not cross-reacting with human SAA1/2 was used as
primary antibody [21].
2.4. Immunohistochemistry of ﬁrst trimester placenta
Placental specimens from elective terminations of pregnancy (7e10 weeks,
n ¼ 5) were ﬁxed in formaldehyde and embedded in parafﬁn. Sections of 5 mmwere
dewaxed and stained for SAA4 (polyclonal anti-SAA4 peptide antibody [21], dilution
1:500) or HLA-G (monoclonal antibody 4H84,1:2000, BD Biosciences, NJ, USA) using
labelled polymer (Thermo Fisher Scientiﬁc, MA, USA) and 3-amino-9-ethylcarbazole
(Dako, Inc., Carpinteria, CA, USA) to detect antibody binding [22]. Control experi-
ments were performed using rabbit or mouse non-immune serum or IgG.
3. Results and discussion
RT-PCR (Fig. 1A/B) and qPCR analysis (Fig. 1C) reveals that SAA4
mRNA expression in AC1-M59 cells as well as in its parental cell lineFig. 1. RT-PCR and qPCR analysis for SAA4 mRNA expression in non-stimulated and cytokin
cytokines (10 ng/ml) for 24 h (AeC). RNA was isolated from both cell lines (AeC) as well
pregnancy weeks (D, E) as well as outgrowing EVT cells from placental villi from ﬁrst trim
speciﬁc forward and reverse oligonucleotide primers (Supplementary Table I). RT-PCR produ
was performed from reverse-transcribed RNA isolated from non-stimulated and cytokine-st
using speciﬁc primers (Supplementary Table II) for SAA4 and HPRT (used as a housekeepin
patocellular carcinoma HUH-7 cells, diluted 1:20 in F); N1 (negative control, RNA template
T ¼ EVT. One representative experiment out of three is shown. Values (C and E) are expresse
trimester trophoblast cells isolated from pregnancy week 6 (set as 1; x-fold expression ofJeg-3 (Fig. 1A/B) is not altered by IL-1b, IL-6, and TNFa treatment.
However, IL-1a signiﬁcantly decreased SAA4 mRNA expression in
both cell lines (Fig. 1C). This observation, as well as similar data
obtained in non-differentiated humanmesenchymal stem cells and
human osteosarcoma cell lines (using RT-PCR [19]) does not
conﬁrm the constitutive character of apolipoprotein SAA4 [6,7] in
general.
High SAA4 mRNA expression in human colon adenocarcinoma
[10,23] and ovarian carcinoma [11] suggests a possible role of SAA4
in tumorigenesis and invasion as previously reported for SAA1/2
[24,25]. This seems likely, as the adhesion motif present in the N-
terminal region of SAA1/2 that mediates binding to extracellular
matrix components and cell invasion, is highly homologous to that
present in SAA4. One of the hallmarks of ﬁrst trimester placental
development is invasion of uterine tissue by fetal trophoblast cells.
Thus, SAA4 expression was studied in invasive trophoblast cells.
While expression of SAA4 transcripts is low during early placental
development (weeks 7e9), expression levels are increased at later
ﬁrst trimester pregnancy weeks but decreased at term pregnancy
stages (Fig. 1D). Data obtained from qPCR analyses (Fig. 1E)
conﬁrmed results obtained with RT-PCR (Fig. 1D); highest SAA4e-stimulated trophoblast cells: AC1-M59 and Jeg-3 cells were stimulated with different
as from cell preparations from ﬁrst trimester and term trophoblast cells at indicated
ester placentas (F). Then RNA was reverse transcribed, and cDNA was ampliﬁed using
cts were separated on 1.5% agarose gels. GAPDH was used as a housekeeping gene. qPCR
imulated AC1-M59 and Jeg-3 cells (C) and ﬁrst trimester and term trophoblast cells (E)
g gene). NS (non-stimulated); P (positive control: RNA was isolated from human he-
: negative controls were done for all samples); N2 (negative control, water template).
d as mean ± SEM (n ¼ 4). (C) ¼ *p  0.05 vs. non-stimulated cells; (E) *p  0.05 vs. ﬁrst
SAA4/HPRT mRNA is given on the Y-axis in (C) and (E)).
Fig. 2. SAA4 protein expression in trophoblast cells from ﬁrst trimester and term placenta: (A) Outgrowing EVT cells were isolated, lysed and 50 mg of total protein was subjected to
Western-blot analysis using anti-human SAA4 as primary antibody [21]. As a positive control (P) human non-glycosylated SAA4 ([expressed in E. coli] containing an N-terminal His6-
tag and an enterokinase cleavage site [21]) was detected as a monomeric (approximately 15.5 kDa) or dimeric (31 kDa) protein. One representative Western-blot is shown. (B)
Parafﬁn sections of placental specimens from ﬁrst trimester placental villi and (C) trophoblast-invaded decidua basalis were stained with anti-human SAA4 antiserum (Ba, Cb,e,h,i)
or with anti-human HLA-G antibody (Ca,d,g) as a marker for trophoblast cells. Control experiments were performed with non-immune rabbit IgG (Bb and Cc) or non-immune mouse
IgG (Cf). To detect antibody binding labelled polymer and 3-amino-9-ethylcarbazole was used. The indicated areas in (Ca) and (Cb) (demonstrating part of trophoblast-invaded
spiral artery) are shown at higher magniﬁcation as (Cd) and (Ce). Arrows in (Cd) and (Ce) point towards intraluminal trophoblast cells while arrowheads point towards intra-
mural trophoblast cells positive for SAA4. Arrows in (Cg) and (Ch) point towards interstitial trophoblast cells positive for SAA4. The arrowheads in (Ci) represent multinucleated
trophoblast giant cells negative for SAA4. The respective bar size is indicated in (B) and (C).
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pregnancy stages (week 35 and 40) SAA4 mRNA levels were similar
as observed in early pregnancy weeks. Furthermore, SAA4 mRNA
expression was also found in preparations of isolated outgrowing
ﬁrst trimester EVT cells (Fig. 1F).
Next, we tried to identify SAA4 protein in human placental
tissue using an antibody (raised against the C-terminal portion
[that differs from SAA1/2] of SAA4 [21]). Two immunoreactive
bands corresponding to approximately 14 kDa (non-glycosylated)
and a less intensive 19 kDa (glycosylated) protein, as reported for
liver-derived human SAA4 [5,7], were identiﬁed by Western-blot
in outgrowing EVT cells (Fig. 2A). However, no immunoreactive
signals for SAA4 were detected in AC1-M59 or Jeg-3 cells under
non-stimulated or cytokine-stimulated conditions (data not
shown).
Immunohistochemical staining revealed the presence of SAA4 in
cell columns of ﬁrst trimester placental tissue representing
potentially invasive EVT cells (Fig. 2Ba). In the proliferative zone of
cell columns near the basement membrane towards the villous
stroma, SAA4 was barely detectable. Interestingly, the more pro-
nounced the invasive character of trophoblast cells, the more pro-
nounced is SAA4 expression (Fig. 2Ba). Areas within the decidua,
which were invaded by trophoblast cells (Fig. 2Ca), show positivity
for SAA4 (Fig. 2Cb). SAA4 expression was detected in different EVT
cell populations that had already invaded the decidua basalis, such
as intramural trophoblast cells replacing the walls of spiral arteries
(Fig. 2Cd and e), intraluminal trophoblast cells plugging the lumina
of spiral arteries (Fig. 2Cd and e), and interstitial trophoblast cells
(Fig. 2Cg and h), respectively. However, multinucleated trophoblast
giant cells, a subpopulation representing the terminally differen-
tiated sessile endpoint of invading trophoblast cells [26], showed
no staining for SAA4 (Fig. 2Ci). Also glandular epithelial cells of the
decidua were negative for SAA4 (Supplementary Fig. I). To verify
the trophoblast nature of these cells an antibody recognizing HLA-
G (expressed only by extravillous trophoblast and choriocarcinoma
cells) was used on serial sections (Fig. 2Ca, d and g).
Here we present ﬁrst evidence of a pronounced expression of
SAA4, so far considered as a protein of “unknown” function, in ﬁrst
trimester placental tissues. SAA4 expression in invasive trophoblast
cells suggests a likely role of this apolipoprotein during invasion.
The underlying mechanisms as reported for acute-phase SAA [25]
are currently under investigation.
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